Some studies have observed a functional relationship between sweating and skin blood flow. However, 1 the implications of this relationship during physiologically-relevant conditions remain unclear. We 2 manipulated sudomotor activity through changes in sweating efficiency to determine if parallel 3 changes in vasomotor activity are observed. Eight young males completed two trials at 36°C and two 4 trials at 42°C. During these trials, air temperature remained constant while ambient vapor pressure 5 increased from 1.6 to 5.6 kPa over 2 hours. Forced airflow across the skin was used to create P=0.26). These results demonstrate that altering 13 the point at which local sweat rate is initiated during heat exposure is paralleled by similar shifts for 14 the increase in SkBF. However, local sweat production occurs before an increase in SkBF, suggesting 15 that SkBF is not necessarily a pre-requisite for sweating. 
INTRODUCTION
Most recently, Smith et al. (42) reported that the onset threshold for skin blood flow precedes the one 44 for sweat rate and suggested that an increase in skin blood flow may be required to initiate sweat 45 production during whole-body passive heat stress. Other studies have provided conflicting evidence 46 that skin blood flow increases before (40, 41), after (24), or simultaneously (45) with sweat production.
However, these studies did not manipulate one heat loss response to observe if parallel changes are 48 observed in the other. Recently, we demonstrated that fan use delays the critical humidity at which 49 elevations in heart rate are observed during step-wise increases in humidity in warm and hot conditions 50 (36, 37). The delayed increase in heart rate was paralleled by improved sweating efficiency and lower 51 levels of local sweat rate during fan use relative to a still airflow condition (36). These observations 52 suggest that increased air velocity delays the point at which sweating is activated, which provided us 53 with a unique opportunity to examine the relationship between skin blood flow and sweating when 54 sudomotor activity is manipulated though changes in sweating efficiency. If, as previously suggested 55 (42), increased skin blood flow is a pre-requisite for sweating during heat exposure, one might expect 56 that: i) skin blood flow consistently increases prior the initiation of sweating, and; ii) manipulating the 57 activation of sweating would lead to parallel changes in the activation of skin blood flow. Furthermore, 58 the step-wise increase in humidity protocol elicits a slow and gradual heating stimulus, which we 59 hypothesized would allow more resolution to detect subtle differences between the point at which 60 sustained increases in sweating and skin blood flow occur. We hypothesized that increases in skin 61 blood flow would precede increases in sweat production implying a functional dependency of sweating 62 on changes in local skin blood flow. 
METHODS

65
The data presented in this manuscript were collected as part of a larger study examining the 66 effectiveness of fan use during exposure to extreme heat and humidity, the results of which have been 67 using laser-Doppler flowmetry probes (Small Angled Thermostatic Probe #457, Perimed, Järfälla, Microsoft, USA) at a sampling rate of 5 seconds. Blood pressure was measured using an automated 97 cuff (E-Sphyg II 9002, American Diagnostics Corporation, Hauppauge, NY, USA). Urine specific 98 gravity was measured using a refractometer (Reichert TS 400, Depew, NY). Ambient air velocity was 99 measured using a hot wire anemometer (VelociCalc 9535, TSI Inc, Shoreview MN, USA).
101
Experimental protocol
102
The participants volunteered for 4 experimental trials performed in a climatic chamber that 103 precisely regulated air temperature and humidity. For all trials, participants provided a urine sample 104 upon arrival before entering the climatic chamber regulated at a temperature of either 36°C or 42°C and 105 a standardized ambient vapor pressure of 1.6 kPa where they were fully instrumented. Following a 45 106 min baseline period, ambient vapor pressure within the chamber was increased in a step-wise fashion 107 by ~0.3 kPa every 7.5 minutes until reaching 5.6 kPa; a comparable protocol to previous studies (3, 19, 108 22). The step-wise increases in ambient vapor pressure therefore lasted a total of 120 min. For both air 109 temperatures, the participants performed the trial without and with forced air flow across the skin to 110 manipulate sweating efficiency (S eff ) and thus the physiological requirement for sweat production to 
RESULTS
150
Baseline urine specific gravity was similar between conditions (36HiS eff : 1.012 ± 0.006 vs. Overall, the change in mean skin temperature did not exceed 1.5°C during any condition (36HiS eff : Tables 1 and 2) . Tables 1 and 2) . (Table 2 ). In general, increases in local sweat rate preceded increases in skin 200 blood flow and cutaneous vascular conductance. During the conditions performed at 36°C, all subjects 201 exhibited an earlier inflection point in local sweat rate compared to the one for skin blood flow (Fig. 3) .
202
At an air temperature of 42°C, the inflection point for sweating preceded the one for skin blood flow in 203 75% of the trials (Fig. 3) . When expressed as a change in mean body temperature, the onset threshold 204 for local sweat rate occurred at a lower change in mean body temperature than the one for skin blood 205 flow during 36LoSeff (P=0.04, see Table 1 ). However, the mean body temperature onset thresholds for whether differences in local skin blood flow could explain regional differences in local sweat rate.
248
Although regional differences in sweat rate could not be explained by regional differences in skin 249 blood flow, they suggested that an increase in skin blood flow is necessary for the initiation of sweating water-perfused suit model of heat stress that elicits large (~4-5°C) and very rapid (~10-15 min) changes 254 in mean skin temperature. Such large and rapid changes in skin temperature may have provided a 255 potent local temperature-dependent increase in skin blood flow, which could explain the apparent 256 dependency of sweating upon an increase in skin blood flow. In contrast, the current protocol resulted 257 in gradual and moderate changes in mean skin temperature. Importantly, sudomotor activity was 258 manipulated through the use of forced airflow across the skin surface which affects sweating 259 efficiency. Using this approach, we observed a delayed inflection point for local sweat rate during 260 conditions of high sweating efficiency, which was paralleled by a delayed inflection point for skin 261 blood flow. This occurred whether air temperature was warm or hot and was most evident when the 262 inflection point was expressed in terms of ambient vapor pressure and time. These findings support, at 263 the very least, a temporal relationship between sweating and skin blood flow (24, 45). However, the 264 main finding of the current study is that an increase in local sweat production generally preceded the 265 increase in skin blood flow. This was also most evident when the inflection point was expressed in 266 terms of ambient vapor pressure and time, and it was evident at both air temperatures. In contrast to our 267 hypothesis, these results suggest that an increase in skin blood flow is not a pre-requisite for increases 268 in sweat production under the conditions examined.
270
An interesting observation of the current study is the substantial difference in the inflection 271 points for local sweat rate and skin blood flow when expressed as ambient vapor pressure and time. For 272 example, the increase in sweat production occurred 15 ± 9 min prior to an increase in skin blood flow 273 when averaged across all conditions. This observation cannot be attributed to differences in mean skin 274 and esophageal temperatures between conditions (Fig. 2) . In fact, the mean body temperature onset 275 thresholds for local sweat rate and skin blood flow were generally similar. Due to the nature of the 276 experimental protocol, the increase in mean body temperature occurred very gradually. As such, mean 277 body temperature remained at stable levels for prolonged periods, despite substantial increases in (rather than being a pre-requisite). However, future studies are needed to evaluate this possibility.
289
As expected from the experimental design, sweating efficiency markedly affected the point at 290 which local sweat rate was initiated. For example, the inflection point for local sweat rate during the 291 low efficiency condition occurred 29 ± 9 min earlier compared to when sweating efficiency was high at The current study examined if a sustained increase in skin blood flow occurs prior to the 356 initiation of local sweating during step-wise increases in ambient vapor pressure in warm (36°C) and 357 hot (42°C) environments. By changing sweating efficiency, the point at which local sweat rate was 358 activated was manipulated to determine if parallel changes in skin blood flow would be observed.
359
Although directional changes in the inflection point for local sweat rate and skin blood flow were 360 similar, sweat production preceded any sustained increase in skin blood flow. This was particularly 361 noticeable when inflection points were quantified as ambient vapor pressure and time; while the mean 362 body temperature onset thresholds for local sweat rate and skin blood flow were generally similar.
363
These results suggest that a sustained increase in skin blood flow is not always a pre-requisite for 364 sweating to be initiated during passive heat exposure. 
